t The results shown for the streptococcus were secured with crude spleen extract. When similar amounts of partially purified spleen preparation were used there was no growth. Evidently one or more essential substances for this organism are lost in our present method of preparation.
In this experiment the gelatin was autoclaved separately and added to the synthetic medium in the amounts specified. Two other organisms were used which, in contrast to the foregoing strains, were able to multiply in the synthetic medium. One of these, Sarcina lutea, usually produced marked growth after several days of incubation while the other, S. paradysenteriae, Duval-Sonne type, never produced more than a light turbidity in the synthetic medium. These two organisms exhibited a decided contrast to each other with respect to cell multiplication upon the addition of gelatin. Development of the Duval-Sonne dysentery organisms was accelerated by the addition of gelatin. The development of Sarcina lutea, however, was markedly retarded by amounts of gelatin above two to three per cent.
In further work with the whole series of cultures, the effect of varying amounts of Difco gelatin was tried. It was found that the most pronounced growth-promoting effect was usually secured with 5.0 per cent gelatin. With progressively decreasing quantities slower and scantier development occurred. Certain types, as might be expected, were affected to a greater extent than others when the concentration of gelatin was lowered. In general the hemolytic streptococci, pneumococci, Brucelka and Pasteurella required larger amounts than others and either refused to grow or developed poorly when 1 per cent gelatin was used. With 0.1 per cent gelatin only a few organisms were able to multiply sufficiently to produce a visible turbidity and they developed slowly. In this category were several staphylococci and a strain of the diphtheria bacillus. Concentrations of gelatin over 5 per cent seemed to offer no added advantage and in certain instances 10 per cent and 15 per cent concentrations appeared to be somewhat inhibitory.
In some experiments the gelatin was sterilized separately in the autoclave and added to the medium aseptically, while in others the gelatin was dissolved in the synthetic medium and sterilized with it. While there was no very marked difference in the results secured with these two methods, there was an indication in several different experiments that visible growth appeared a trifle sooner and occurred in slightly lower concentrations of gelatin in those cases where the gelatin was autoclaved in the finished medium.
Comparative tests were made with several different brands of gelatin. A sample of Eastman's photographic gelatin and one of ordinary household gelatin were compared with the Difco product. In this connection it should be mentioned that many gelatins are quite acid and require neutralization when used in culture media. Of these several gelatins, that used for photographic purposes represented the purest product and it is interesting that its growth-promoting effect was decidedly inferior to that exhibited by the two other samples. When the photographic gelatin was used only a few of the microorganisms developed to the point of visible turbidity and they were the ones which were able to grow when only small amounts (0.1 to 0.3 per cent) of the Difco product were supplied. Interestingly, the development of Sarcina lutea was not restrained by the addition of 3 per cent photographic gelatin, whereas it was markedly delayed by similar amounts of the household or Difco products.
Using an optimum amount of Difco gelatin, a number of variations in the composition of the basic synthetic medium were tried. Since the original medium contained only a limited number of amino acids, another more elaborate synthetic medium was substituted for it. The latter contained small quantities of 15 amino acids, in addition to 0.2 per cent glucose and inorganic salts (Koser, Finkle, Dorfman, Gordon and Saunders, 1938) . However, the resultant growth after the addition of Difco gelatin was as a rule no more rapid nor luxuriant than with the restricted synthetic medium.
In other experiments certain of the constituents of the synthetic medium were omitted. Omission of the amino acids resulted in little decrease in either the rapidity or luxuriance of development. Apparently the necessary amino acids, as well as other essential substances, were present in the gelatin preparation (Difco). Omission of both the glucose and the amino acids lowered somewhat the nutritive value of the mixture, particularly when smaller amounts of gelatin (0.3 per cent and 1.0 per cent) were used. Omission of the inorganic salts of the synthetic medium produced a culture environment distinctly inferior to that of the complete medium. A solution of gelatin alone permitted growth of only a limited number of the organisms.
On ashing 5-gram samples of both Difco and household gelatin it was found that the factors responsible for growth were destroyed. The ash which remained after ignition, when added to several different synthetic media in appropriate amounts, exerted no growth-promoting effect whatever. There was no detectable ash after ignition of the Eastman gelatin.
The most obvious explanation of the growth-promoting effect shown by several of the brands of gelatin is that essential organic substances of unknown nature are supplied. Since the organism refused to develop in a synthetic medium containing a wide assortment of amino acids it may be assumed that the substances responsible for growth are other than the usual amino acids. It is realized, however, that other explanations should be considered. Certain inorganic salts, in addition to those supplied in the synthetic medium, may be present in the gelatin and may be required in addition to organic compounds. The effect, too, might be interpreted as being due to combination of the gelatin with inhibitory amounts of metallic impurities in the medium, or to an alteration in the viscosity or the surface tension of the culture solution from a less to a more favorable level. Since the gelatin used for photographic purposes is supposedly a purer product than other gelatins, one is led to assume that the substances needed by the organisms are present as impurities. It must not be overlooked, however, that some brands of gelatin may contain substances which restrain development and such an effect might lead to the conclusion that growth factors were absent.
It seemed of interest to compare the viscosity of several gelatins which gave quite different results in the tests of growth-promoting activity. To measure viscosity of the gelatin-synthetic medium combination, one cubic centimeter was allowed to flow through a bulb and capillary arrangement and the time was noted. All measurements were made at 400C. Distilled water was used as the standard. The synthetic medium without gelatin gave results similar to those secured with distilled water. The following readings are typical: (1936) , Knight (1937) , Mueller (1937) , Mueller and Cohen (1937) , and Koser, Finkle, Dorfman, Gordon and Saunders (1938) it is evident that vitamin B1, beta alanine, and nicotinic acid, either singly or in certain combinations, are needed for the development of propionic acid bacteria, staphylococci, the diphtheria bacillus, several strains of yeast and a mold.
Whether the foregoing substances are present in the brands of gelatin exerting a growth-promoting effect has not been determined. However, since a number of the organisms used in our gelatin experiments refused to develop in synthetic media even after the addition of the three foregoing substances, it would appear that other compounds yet to be identified are necessary. This was true especially of the hemolytic streptococci, pneumococci and allied types. The several brands of commercial gelatin constitute a promising source of material for further studies on the extraction and purification of substances needed by these organisms. That such -growth-promoting substances seem to be present in several gelatins in considerably smaller quantities than in tissue infusions is not necessarily a disadvantage, since it might be possible to separate them more readily from gelatin than from such sources as liver, spleen and yeast. Further work alone these lines is now in progress.
SUMMARY
Some brands of gelatin exert a growth-promoting effect upon a number of the more exacting bacteria. This effect appears to be similar to that caused by fractions of spleen, liver and yeast and may be demonstrated by the same method. Considerably larger quantities of gelatin, however, are needed to produce an equivalent effect upon culture development.
A purified gelatin, prepared for photographic purposes, showed relatively little growth-promoting effect.
Certain commercial brands of gelatin appear to constitute a promising source of substances essential for the growth of organisms such as streptococci, pneumococci, dysentery bacilli, Brucella and other types which refuse to develop in the usual synthetic media.
